Study Design: Cross sectional and observational. Purpose: To evaluate the different aspects of lumbar disc degenerative disc disease and relate them with magnetic resonance image (MRI) findings and symptoms. Overview of Literature: Lumbar disc degenerative disease has now been proven as the most common cause of low back pain throughout the world. It may present as disc herniation, lumbar spinal stenosis, facet joint arthropathy or any combination. Presenting symptoms of lumbar disc degeneration are lower back pain and sciatica which may be aggravated by standing, walking, bending, straining and coughing. Methods: This study was conducted from January 2012 to June 2012. Study was conducted on the diagnosed patients of lumbar disc degeneration. Diagnostic criteria were based upon abnormal findings in MRI. Patients with prior back surgery, spine fractures, sacroiliac arthritis, metabolic bone disease, spinal infection, rheumatoid arthritis, active malignancy, and pregnancy were excluded. Results: During the targeted months, 163 patients of lumbar disc degeneration with mean age of 43.92±11.76 years, came into Neurosurgery department. Disc degeneration was most commonly present at the level of L4/L5 105 (64.4%).Commonest types of disc degeneration were disc herniation 109 (66.9%) and lumbar spinal stenosis 37 (22.7%). Spondylolisthesis was commonly present at L5/S1 10 (6.1%) and associated mostly with lumbar spinal stenosis 7 (18.9%). Conclusions: Results reported the frequent occurrence of lumbar disc degenerative disease in advance age. Research efforts should endeavor to reduce risk factors and improve the quality of life. 
Introduction
Lumbar disc degenerative disease is the most common cause of Low back pain throughout the world [1] [2] [3] . In the industrialized part of the world low back pain is extremely common. It is the single most common cause of disability at age above 45 years and second most common reason for primary care physician visit [4] [5] [6] . People throughout the world spend more than 100 billion US dollars/year for the treatment of low back pain [2] . Despite the high prevalence of low back pain in both developed and developing nations, it is still enigmatic in terms of cause, diagnosis and treatment [1] .
Intervertebral disc is the largest avascular tissue in the body [2] , and consists of inner nucleus pulposus, outer annulus fibrosus and cartilage located superiorly and inferiorly. Intervertebral disc resists compression because of the osmotic properties of the proteoglycans. The ability of the disc to resist anterior and lateral shears along with compression and flexion makes the intervertebral disc the most important load bearing component of the spine, beside the facets [5] . Due to loading there is a deformation of the endplate which results in reduced intradiscal pressure, loss of height and adding stress to the surrounding annulus and facet joints. Signs of degeneration includes one or all of the following: diminished disc height, narrowing of facet, spondylophytes and sclerosis of upper and lower endplates, stenosis of spinal canal, narrowing of lateral recess, real or apparent desiccation, fibrosis, diffuse bulging of the annulus beyond the disc space, extensive fissuring (i.e., numerous annular tears), mucinous degeneration of the annulus, defects and sclerosis of the endplates, and osteophytes at the vertebral apophyses [7] . Lumbar degeneration can occur at any level but mainly it occurs on L3-L4 and L4-S1 vertebrae [8] [9] [10] .
Lumbar disc degenerative disease may present as disc herniation, lumbar spinal stenosis, facet joint arthropathy or their combination. Herniation occurs when nuclear materials protrude or extrude into the perineural space through radial tears of the annulus [2, 7, 11] . Lumbar spinal stenosis is defined as any type of narrowing of spinal canal, nerve root canal or intervertebral foramina. With disc degeneration and loss of disc space height, there are increased stresses on the facet joints with craniocaudal subluxation resulting in arthrosis and osteophytosis, and this condition is termed facet joint arthropathy [7] .
The most common symptom associated with lumbar disc degeneration is low back pain and it is due to the presence of neural tissue around the intervertebral disc. The main symptom of disc degeneration after low back pain is sciatica. Features suggestive of sciatica are unilateral or bilateral leg pain radiating to the feet and toes, numbness in dermatomes distribution and positive straight leg raising test. Sciatic pain aggravates on standing, walking, bending, straining and coughing [9, 10] .
Other symptoms of lumbar disc degeneration are sensory disturbances in legs, claudication, relief of pain when bending forward and weakness [7] .
Risk factors for causing lumbar disc degenerative disease include advancing age, socioeconomic status [12] , torsional stress [13] , smoking, obesity [11, 14, 15] , heavy lifting, vibration [11] , trauma, immobilization [5] , psychosocial factors, gender, height , hereditary, genetic factors [12, 14] , occupations like machine drivers, carpenters and office workers [16] [17] [18] . Main diagnostic tool and imaging technique for the evaluation of disc degeneration is magnetic resonance imaging (MRI) [19, 20] .
The basic purpose of conducting this study is to evaluate the relation between different aspects of lumbar degenerative disc disease and their MRI findings; we also assess the relation between lumbar degenerative diseases with symptomatology.
Materials and Methods
This was a cross sectional and observational study conducted in the general ward and outpatient department of Neurosurgery in Civil Hospital Karachi. The duration of the study was 6 months from January 2012 to June 2012. A total of 163 diagnosed patients of lumbar disc degenerative diseases were included in this study after obtaining verbal consent. Patients with cervical and thoracic disc degeneration, prior back surgery, spine fractures, sacroiliac arthritis, metabolic bone disease, spinal infection, rheumatoid arthritis, active malignancy, pregnancy and patients having age <20 and >60 years were excluded. Once the subject was entered in the study, multiplanar MRI was done from the first lumbar to the first sacral vertebra with a 1.5-tesla imaging system. MRI images were independently evaluated by two neurosurgeons with consensus, one with more than 6 years of experience and a special interest in spine surgery and one with more than 22 years of experience in spine surgery. Each level from L1−S1 was assessed for disc degeneration, using the latest international nomenclature for describing disc pathology. The signal intensity changes of the disc in sagittal sections on T2-weighted images was graded using a scale from 0 to 3 where 0=homogeneous hyper-intense (white), 1=hyper-intense with visible intranuclear cleft (white with a dark band in the equator plane of the disc), 2=intermediate signal intensity (all colors between white and black), and 3=hypo-intense (dark disc without vis-ible nuclear complex). Changes in the disc contour were described on a nominal scale: 0=normal, 1=bulge, 2=fo-cal protrusion, 3=broad based protrusion, 4=extrusion, and 5=sequestration. Defects in end-plates were graded: 0=normal endplates, 1=defects and 2=large defects. Lumbar disc degeneration was diagnosed if there was either a signal intensity change (grade 2 or 3) or a change in disc contour (grade 2 or higher) at one or more lumbar levels. Those with normal signal intensity (grade 0 and 1); normal disc contour (grade 0 or 1), no annular tears, normal endplates and no other pathology in MRI were classified as subjects without disc degeneration [21, 22] . Spondylolisthesis was measured and diagnosed by the method of Meyerding [23] . The anteroposterior (AP) diameter of the superior surface of the lower vertebral body is divided into quarters and a grade of I-IV is assigned to slips of one, two, three or four quarters of the superior vertebra, but we could not divide our data according to the grades of spondylolisthesis; we simply noted whether spondylolisthesis was present. If not we labeled the patient as free from spondylolisthesis. Patient findings were gathered with a structured questionnaire that included questions regarding biodata (name, age, sex, gender, and date), symptomatology, and status of smoking and MRI findings. The study was ethically approved by Institutional Review Board of Dow Medical College (DUHS). The sample size was calculated using Open-EPI sample size calculator with p=12%, d=5%, and 95% confidence interval. All the data was entered and analyzed through SPSS ver. 19 (IBM Co., Somers, NY, USA). Means and standard deviations were used for continuous data, while frequency and percentages were calculated for categorical data. Correlation of aspects of degeneration with MRI findings and symptomatology were explored by using Spearman rank correlation. All aspects of degeneration were considered individually as 100% and the percentage in each column add up to 100%. Percentages in the Tables 1−3 , which represent the overall result of lumbar degeneration, were evaluated by dividing each variable with 163. Tables 4−6, represent aspects of degeneration: percentages were calculated by dividing each variable with the number of patients of each aspect. Number of effected vertebral levels can be single or multiple and not correlated with sample size; they can be either more than the sample size or less because they can affect a single or multiple levels in the same patient. 
Results
There were 163 diagnosed patients with degenerative disease in which 95 (58.3%) were male and 68 (41.7%) were females. Patients were between the ages of 20 and 70 years and most were in their fourth decade of life 43.92±11.76. All included patients had history of low back pain, with Each variable like low back pain, walking, standing, lifting, driving, sitting, bending, claudication, aspects of degeneration and variable of each magnetic resonance imaging (MRI) findings were consider as 100%. Total number of patients of disc herniation were 109, lumbar stenosis were 37,facet joint arthropathy were 4, combination of herniation and arthropathy were 4, comnination of stenosis and arthropathy were 2 and combination of stenosis and herniation were 7, while number of vertebral levels were not consistent with number of patients because defects are either on single or multiple level. Each variable of MRI findings were considered as 100%. Threshold for significance set at 0.05 significant values were highlighted. Each variable like low back pain, walking, standing, lifting, driving, sitting, bending, claudication, aspects of degeneration and variable of each magnetic resonance imaging (MRI) findings were consider as 100%. Total number of patients of disc herniation were 109, lumbar stenosis were 37, facet joint arthropathy were 4, combination of herniation and arthropathy were 4. Comnination of stenosis and arthropathy were 2 and combination of stenosis and herniation were 7, while number of vertebral levels were not consistent with number of patients because defects are either on single or multiple level. Each variable of MRI findings were considered as 100%. Threshold for significance set at 0.05 and significant values were bold. Asian Spine J 2013;7(4):322-334 Table 1 ). There were six aspects of degeneration evaluated in this study. Disc herniation was the most frequent (109, 66.9%), others were lumbar stenosis (37, 22.7%), facet joint arthropathy (4, 2.5%), combination of disc herniation and facet joint arthropathy (4, 2.5%), combination of lumbar stenosis and facet joint arthropathy (2, 1.2%) and combination of disc herniation and lumbar stenosis (7, 4.3%) patients (Table 1) .
The most common levels of disc degeneration were L4/ L5 and L5/S1, seen in 105 (64.4%) and 76 (46.6%) patients respectively. The mean age of patients with disc degeneration at levels L3/4 (47.75±14.13), L2/3 (55.5±7.39) and L1/2 (50.39±9.36) was significantly higher than the mean age of patients with disc degeneration at lower levels, L4/5 (45.34±11.48) and L5/S1 (43.14±12.18).
After thorough MRI study it was concluded that the space between 2 vertebrae was reduced in 157 (96.3%) patients and it was most commonly reduced at the level of L4/L5 120 (73.6%) and L5/S1 96 (58.9%) while bulge of disc was present in 115 (70.6%) patients, also most commonly occurring at L4/L5 69 (42.3%) and L5/S1 48 (29.4%). Protrusion of intervertebral disc was found in 104 (63.8%) patients; occurring most commonly at L4/L5 62 (38%) and L5/S1 44 (27%) level (Table 1) . Extrusion of disc was present in 27 (16.7%) patients, most often at L5/ S1 16 (9.8%) and L4/L5 8(4.9%) followed by four (2.5%) at L2/L3 and two (1.2%) at L3/L4 (Table 2) . Disc desiccation was present in all patients 163 (100%), primarily at the level of L4/L5 123 (75.5%) and L5/S1 101 (62%). Neural canal narrowing was noted in 113 (69.3%) patients, most often at the level of L4/L5 70 (42.9%) and L5/S1 51 (31.3%). Foraminal narrowing was present in 137 (84%) patients, mainly at the level of L4/L5 85 (52.1%) and L5/ S1 61 (37.4%). Narrowing of lateral recess occurred in 135 (82.8%) patients, primarily at the level of L4/L5 87 (53.4%) and L5/S1 58 (35.6%). Ligamentum flavum hypertrophy occurred in 62 (38%) patients most commonly at the level of L4/L5 46 (28.2%) and L5/S1 32 (19.6%). During the degeneration process a facet was involved in 90 (55.2%) patients largely seen at the level of L4/L5 73 (44.8%) and L5/S1 42 (25.8%) ( Table 2) . Spinal nerve was pressing in 138 (84.7%) patients, a common occurrence at the level of L4/L5 91 (55.8%) and L5/S1 66 (40.5%).
Prevalence of spondylolisthesis was 15 (9.2%) mostly seen at the level of L5/S1 10 (6.1%) ( Table 3 ).
The mean age of patients with lumbar disc herniation was 39.92±10.92 years and the most common level of disc herniation were L4/L5 (61, 56%) (p=0.02) and L5/S1 (55, 50.5%) (p=0.25) patients (Table 3) .
MRI study concluded that the space between 2 vertebrae was reduced in 103 (94.5%) (p=0.08) patients and it was mainly reduced at the level of L4/L5 73 (67.0%) (p=0.06) and L5/S1 62 (56.9%) (p=0.24) while a bulging of a disc was present in 74 (67.90%) (p=0.23) patients, a common occurrence at L4/L5 48 (44%) (p=0.45) and L5/S1 28 (25.7%) (p=0.07). Protrusion of an intervertebral disc was found in 73 (67%) (p=0.30) patients, most often at L4/L5 35 (32.1%) (p=0.01) and L5/S1 33 (30%) (0.23) levels ( Table 1) . Extrusion of disc was present in 21 (19.3%) (p=0.14) patients, most commonly at L5/S1 15 (13.8%) (p=0.02) and L4/L5 7 (6.4%) (p=0.18). Disc desiccation was present in all patients 109 (100%) at the level of L4/L5 78 (71.6%) (p=0.08) and L5/S1 65 (59.6%) (p=0.17). Neural canal narrowing was noted in 64 (58.7%) (p≤0.01) patients and it was commonly present at the level of L4/L5 32 (29.47%) (p<0.01) and L5/S1 34 (31.2%) (p=0.89). Foraminal narrowing was present in 86 (78.9%) (p=0.02) patients, primarily at L4/L5 46 (42.2%) (p≤0.01) and L5/S1 41 (31.6%) (p=0.72).Narrowing of lateral recess was found to occur at 85 (78%) (p=0.03) patients and it was mostly found at the level of L4/L5 48 (44%) (p=0.001) and L5/S1 40 (36.7%) (p=0.858). Loss of lumbar lordosis was present in 101 (92.7%) (p=0.91) ( Table  2 ) and ligamentum flavum hypertrophy occurred in 23 (21.1%) (p<0.01) patients, a common occurrence at the level of L4/L5 16 (14.7%) (p≤0.01) and L5/S1 11 (10.1%) (<0.01). During the degeneration process a facet was involved in 41 (37.6%) (p<0.01) patients, commonly at L4/ L5 30 (27.5%) (p<0.01) and L5/S1 16 (14.7%) (p<0.01). A spinal nerve was pressing in 89 (81.7%) (p=0.176) patients, usually at L4/L5 50 (45.9%) (p<0.01) and L5/S1 42 (38.5%) (p<0.32). Thecal indentation was present in 83 (76.1%) (p=0.14) patients, which mostly occurred at the level of L4/L5 41 (37.6%) (p=0.001) and L5/S1 43 (39.4%) (p=0.98).
The prevalence of Spondylolisthesis was seven (6.4%) (p=0.14) and it commonly occurred at L5/S1 6 (5.5%) (p=0.65) ( Table 3 ).
The mean age of patients with lumbar stenosis was 51.91±10.92 year old. The most common level of lumbar spinal stenosis was L4/L5 4 (100%) (p=0.02) patients (Table 3) .
MRI study also showed that the space between 2 vertebrae was reduced in 37 (100%) (p=0.08) patients, primarily at the level of L4/L5 32 (86.5%) (p=0.086) and L5/S1 19 (51.4%) (p=0.24) while a bulge of disc was present in 27 (73%) (p=0.23) patients, a common occurrence at L4/L5 15 (40.5%) (p=0.45) and L5/S1 11 (29.7%) (p=0.07). Protrusion of intervertebral disc was seen in 21 (56.8%) (p=0.30) patients, commonly occurring at L4/ L5 17 (45.9%) (p=0.01) ( Table 1 ). Extrusion of disc was present in five (13.5%) (p=0.14) patients mainly at L2/ L3 3 (8.1%) (p=0.15). Disc desiccation was present in all patients 109 (100%) and it was present mostly at the level of L4/L5 30 (81.1%) (p=0.08). Neural canal narrowing was observed in 37 (100%) (p≤0.01) patients commonly at L4/L5 28 (75.7%) (p<0.01). Foraminal narrowing was present in 37 (100%) (p=0.02) patients mostly at L4/L5 27 (73%) (p≤0.01). Narrowing of lateral recess occurred in 36 (97.3%) (p=0.03) patients, mostly found at the level of L4/L5 27 (73.6%) (p=0.001). Loss of lumbar lordosis present in 32 (86.5%) (p=0.91) ( Table 2) . Ligamentum flavum hypertrophy occurred in 28 (75.7%) (p<0.01) patients, mostly at L4/L5 19 (51.4%) (p≤0.01). During degeneration process facets were also involved in 35 (94.6%) (p<0.01) patients mostly at L4/L5 29 (78.4%) (p<0.01) and spinal nerve was compressed in 35 (94.6%) (p=0.17) patients mainly at L4/L5 29 (78.4%) (p<0.01). Thecal indentation was evident in 37 (100%) patients, occurring mostly at L4/L5 28 (75.7%) (p=0.001)
The prevalence of spondylolisthesis was seven (18.9%) (p=0.14) and it was mostly occurring at the level of L5/S1 3 (8.1%) ( Table 3 ).
The mean age of patients with facet joint arthropathy was 57.50±5.19 and commonly present at the level of L4/ L5 and L5/S1, which was found in four (100%) (p=0.02) and 4 (100%) (p=0.25) patients (Table 3) .
Spondylolisthesis, neural canal narrowing and ligamentum flavum hypertrophy was not present in facet joint arthropathy (Table 3) .
Rest of the comparison, correlations and results were given in tables.
Discussion
With increasing longevity of life and aging populations, the prevalence and associated clinical disability related to disc degeneration disease is on the rise. Lumbar disc degeneration was the most common cause of low back pain around the globe and it was observed that major aspect of disc degeneration was disc herniation. Modern development of MRI scans allows an excellent noninvasive means of imaging the entire lumbar spine. Its contrast, sensitivity and multi planer images clarify the disc anatomy within or adjacent spine.
Gender comparison revealed that significantly men were more prone to suffered from degeneration, an alarming problem for society. The findings of our study was consistent with other studies [24, 25] . This result reinforces the general perception that men are more susceptible to disc degeneration than women, most likely due to increased mechanical stress and injury [26] .
Most cases of disc degeneration were observed in 4th and 5th decade of life in our study, comparable with other studies [27, 28] . It was also revealed that in older patients degeneration more often had higher level lumbar disc degeneration (L1-L2, L2-L3, L3-L4) whereas young age people had disc degeneration at lower levels (L4-5, L5-S1) [24, 27] .
Aspects of degeneration that were evaluated in our study were disc degeneration, lumbar spinal stenosis, facet joint arthropathy and their combination. Disc herniation was more common among others as indicated in another study [29] .
In the current case series MR imaging study, we investigated the prevalence of lumbar disc abnormality in a series of 20-to 70-year-old patients with back pain. It was found that disc degeneration with diffuse disc changes in the lower lumbar spine was more commonly found at L4-L5 and L5-S1 which had the highest rate of degeneration and L1-L2 had the lowest [1, 29, 30] . This caudo-cranial direction pattern was also followed by disc herniation. These findings support the fact that mechanical characteristics of the discs are greater in those that are adjacent to fused lumbar vertebrae, favoring degeneration, with high disc involvement observed more commonly at lower lumbar level. It was evaluated and confirmed that with aging the loss of proteoglycans from the lumbosacral disc exceeds that from the lower lumbar discs because of its proximity to a rigid segment, that is, the sacrum. This relative fixation and associated facet arthropathy results in greater stresses at the more rostral angles, leading to disc herniation moving cranially, a mirror spread of disc degeneration [27] . The prevalence of disc herniation in diagnosed patients of degeneration was more common than any other aspects and we found that prevalence of L4-L5 was much higher than L1-L2, L2-L3, L3-L4, and L5-S1. It also can be deduced that the lower the lumbar level the higher the prevalence of disc herniation [1, 30] .
Very few patients had the disability on a single level, and most patients had degeneration on multiple levels; these findings were also consistent with past studies [29] .
It was observed in our study that most patients had continuous low back pain, in contrast to the previous study [31] . Along with low back pain, sciatica was also one of the main complaints [32] . Most patients were complaining of unilateral sciatic pain, as shown in a study conducted in Pakistan [10] . It was also confirmed from our study that after low back pain and sciatica, the main complaint of patients with disc degeneration was neurogenic claudication [32] , a main feature of lumbar spinal stenosis. It was 100% positive in all cases of "Lumbar stenosis" and combination of "stenosis and herniation." Low back pain and sciatica were more aggravated during walking and standing position, agreeing with other studies [33] [34] [35] [36] . These findings signify the fact that during walking and standing there was decompensation of vascular flow to the spinal nerves, resulting in arterial ischemia as well as venous congestion [33] .
It was also concluded that the lower back pain and sciatica were due to nerve root compression, which was significantly associated with disc degeneration [37] . Interestingly there were also 15.7% of patients who had no visible nerve compression in MR imaging, reflecting the disc impairment without nerve compression as in another study [38] .
Disc herniation had the features of disc protrusion, extrusion and disc space narrowing. There was a significant association between disc protrusion and lumbar disc herniation but disc space narrowing was not significantly associated with it [30] .
With the beginning of degeneration there was a greater loss of water from the nucleus pulposus resulting in the loss of hydrostatic properties of the disc with an overall reduction of hydration to about 70%, with loss of water, nucleus pulposus become desiccated and it was also shown in our study that all aspects had their disc in desiccated form either at single or multiple levels as shown in a past study [7] .
Spinal lumbar stenosis can involve the central canal, lateral recess, foramina or combination of these. All of them start to stenosed when there is narrowing of disc space with or without disc bulging and ligamentum flavum hypertrophy. It was concluded that all MRI of stenosis patients had reduced disc space but not all had bulging and ligamentum flavum hypertrophy as seen in a past study [39] . It was also found that protrusion and facet involvement was present in nearly all cases of stenosis. Our findings confirm the pathways indicated in past studies regarding lumbar stenosis, which consist of reduced disc space height, then protrusion, ligamentum flavum hypertrophy, and last, facet involvement [33] . Further results of our study are that nearly all patients had the combination of central, formanal and lateral recess stenosis in contrast to another study conducted on similar topic [40] .
Ligamentum flavum hypertrophy can reduce the diameter of the spinal canal posteriorly and it was significantly more associated with lumbar stenosis than others. It was positively associated with L2-L3, L3-L4, and L4-L5 as shown in a previous study conducted in Turkey [41] . In our study hypertrophy of ligamentum flavum was also significantly associated with disc herniation on all levels except L1-L2, same as signify in previous study [41] .
Spondylolisthesis was more commonly found in the patients of lumbar stenosis as compared to disc herniation, reflecting the fact that during stenosis, laxity of capsules and ligaments may result in the development of spondylolisthesis [33] . Spondylolisthesis was mainly present at L4-L5 same as seen in a previous study [7] . The presence of degenerative listhesis at that level was thought to be related to the more sagittal orientation of facet joint that makes them increasingly prone to anterior displacement [7] .
We established the baseline data for longitudinal study prospective study and the current study also adds information to the international research literature. This study sees the spine in different aspects and can serve as a reason to improve diagnostic technique in this field of spine. In this we have taken detailed histories which will help the medical profession to understand better spinal degeneration symptomatology. The limitation of our study was that it does not discuss risk factors but this can serve as motive to conduct further research. It was also surprising that research on spine and lumbar degeneration was scarce in the hugely populated country of Pakistan. This study was one of the pioneer researches in the field of spine in Pakistan and it will serve as a guide for future researchers.
Conclusions
This work may lead to new and exciting advances in the field of spine research. The lumbar discs most often affected by degeneration that leads to herniation and stenosis are L4-5 and L5-S1, most probably because of a combination of longstanding degeneration and subsequent change in the ability of the disc to resist applied stress. Awareness is needed of this very common problem and proper protective measures can be taken to prevent the disease in early age, like giving proper time for exercise and prolonging life. It is very necessary to keep risk factors like smoking, weight lifting, prolonged driving, psychosocial factors, and accidents away from our life style.
